Luteinizing hormone/chorionic gonadotropin receptor (LHR) expression in the ovary is regulated by a messenger RNA (mRNA) binding protein, which specifically binds to the coding region of LHR mRNA. We have shown that miR-122, a short noncoding RNA, mediates LHR mRNA levels by modulating the expression of LHR mRNA-binding protein (LRBP) through the regulation of sterol regulatory element binding protein (SREBP) activation. The present results show that miR-122 regulates LRBP levels by increasing the processing of SREBP through the degradation of Insig1, the anchoring protein of SREBP. We present evidence showing that mRNA and protein levels of Insig1 undergo a time-dependent increase following the treatment of rat granulosa cells with folliclestimulating hormone (FSH), which leads to a decrease in LRBP levels. Furthermore, overexpression of miR-122 using an adenoviral vector (AdmiR-122) abolished FSH-induced increases in Insig1 mRNA and protein. We further confirmed the role of Insig1 by showing that inhibition of Insig1 using a specific small interfering RNA prior to FSH treatment resulted in the abrogation of LHR upregulation. Silencing of Insig1 also reversed FSH-mediated decreases in SREBP and LRBP activation. These results show that decreased levels of miR-122 increase Insig1 and suppress SREBP processing in response to FSH stimulation of rat granulosa cells. (Endocrinology 159: 2075(Endocrinology 159: -2082(Endocrinology 159: , 2018 L uteinizing hormone/chorionic gonadotropin receptor (LHR) plays an important role in the regulation of ovarian function, including steroidogenesis, oocyte maturation, and ovulation (1-4). Understanding the mechanisms of LHR expression in the ovaries has been a focus of our laboratory. Our past studies have shown that the changes in LHR expression during the ovarian cycle in response to constantly changing hormonal milieu occur, at least in part, due to posttranscriptional mechanisms that control the steady-state levels of LHR expression through mechanisms that regulate the stability of LHR messenger RNA (mRNA). The rapid decline in LHR mRNA levels in response to conditions that mimic a preovulatory luteinizing hormone surge is controlled by the selective binding of a protein-designated LHR mRNA-binding protein (LRBP) (5-8). The changes in both the expression and LHR mRNA-binding activity of LRBP have been demonstrated in both rodent and human ovaries (7, 9). Most important, LRBP expression and its function show a reciprocal relationship with LHR levels (7, 8) . The ability of LRBP to cause accelerated degradation of LHR mRNA has been demonstrated in a Abbreviations: AdGFP, adenovirus expressing a scramble pre-miR with a green fluorescent protein reporter; CTLsi, control small interfering RNA; DMEM, Dulbecco's modified Eagle medium; E2, 17 b-estradiol; ER, endoplasmic reticulum; FE, follicle-stimulating hormone and 17 b-estradiol; FE-2h, 2-hour incubation with follicle-stimulating hormone and 17 b-estradiol; FE-4h, 4-hour incubation with follicle-stimulating hormone and 17 b-estradiol; FE-6h, 6-hour incubation with follicle-stimulating hormone and 17 bestradiol; FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin; LHR, luteinizing hormone/chorionic gonadotropin receptor; LRBP, luteinizing hormone receptor messenger RNA-binding protein; mRNA, messenger RNA; miRNA, microRNA; MVK, mevalonate kinase; PCR, polymerase chain reaction; PFU, plaque-forming unit; RIPA, radioimmunoprecipitation assay; RRID, Research Resource Identifier; SCAP, sterol cleavage activating protein; siInsig1, Insig1 small interfering RNA; siRNA, small interfering RNA; SREBP, sterol regulatory element binding protein.
L
uteinizing hormone/chorionic gonadotropin receptor (LHR) plays an important role in the regulation of ovarian function, including steroidogenesis, oocyte maturation, and ovulation (1) (2) (3) (4) . Understanding the mechanisms of LHR expression in the ovaries has been a focus of our laboratory. Our past studies have shown that the changes in LHR expression during the ovarian cycle in response to constantly changing hormonal milieu occur, at least in part, due to posttranscriptional mechanisms that control the steady-state levels of LHR expression through mechanisms that regulate the stability of LHR messenger RNA (mRNA). The rapid decline in LHR mRNA levels in response to conditions that mimic a preovulatory luteinizing hormone surge is controlled by the selective binding of a protein-designated LHR mRNA-binding protein (LRBP) (5) (6) (7) (8) . The changes in both the expression and LHR mRNA-binding activity of LRBP have been demonstrated in both rodent and human ovaries (7, 9) . Most important, LRBP expression and its function show a reciprocal relationship with LHR levels (7, 8) . The ability of LRBP to cause accelerated degradation of LHR mRNA has been demonstrated in a reconstituted LHR mRNA decay assay system (7, 8) . Characterization of LRBP revealed that, like many mRNA binding proteins (10) (11) (12) (13) , LRBP-later identified as mevalonate kinase-was a metabolic enzyme involved in cholesterol biosynthesis (8) . Further studies discovered that a noncoding RNA designated as miR-122 plays a key role in increasing LRBP through its ability to activate sterol regulatory element binding protein (SREBP) (14) (15) (16) . SREBP is a transcription factor that has been known to regulate cholesterol and fatty acid metabolism. The current study focused on the mechanism by which miR-122 regulates SREBP-mediated LRBP expression in the context of the regulation of LHR expression in the ovary. SREBP exists in an inactive state in the endoplasmic reticulum (ER) in association with another protein-sterol cleavage activating protein (SCAP). The translocation of the SCAP-SREBP complex from the ER to the Golgi, where SREBP undergoes proteolytic cleavage into its active form, is prevented through its association with an anchoring protein called Insig1 (17) . Insig1 is an ER membrane-resident protein with six transmembrane helices. Insig exists in two isoforms, Insig1 and Insig2 (18) . In animal cells, in addition to causing sterol-regulated ER retention of the SCAP-SREBP complex, it has been shown to play a role in sterol-dependent degradation of 3-hydroxy-3-methylglutaryl-coenzyme A reductase (19) . The role of Insig1 in SREBP activation has been established previously (20) (21) (22) (23) (24) . Because Insig1 is predicted to be one of the targets of miR-122 (www. microrna.org) and its expression is inversely related to SREBP activation (20) , we hypothesized that Insig1 might serve as the target of miR-122 in the ovaries.
We hypothesized that miR-122 might inhibit the expression of Insig1 in the ER and that this decrease might accelerate SREBP processing by proteolytic cleavage following translocation to the Golgi. The increased expression of SREBP might increase the transcription of members of the sterol regulatory element-containing gene family, including LRBP. Our results show that miR-122 increases SREBP and LRBP activation causing LHR downregulation while inhibition of miR-122 increases LHR expression by increasing the association of SREBP with Insig1.
Materials and Methods

Materials
Ovine follicle-stimulating hormone (FSH) (NIDDK-oFSH-20) and purified human chorionic gonadotropin (hCG) were purchased from Dr. A. F. Parlow (National Hormone and Peptide Program, Torrance, CA). 17 b-Estradiol (E2) was from SigmaAldrich (St. Louis, MO). EDTA-free protease inhibitor mixture tablets were purchased from Roche Applied Science (Indianapolis, IN 
Isolation of rat granulosa cells
Rat granulosa cells were isolated as described previously (25) . Briefly, 23-day-old female rats were injected subcutaneously with 1.5 mg E2 for 3 consecutive days. On day 4, rats were euthanized and their ovaries collected. Ovaries were cleared from the surrounding fat and punctured with 25-gauge needles. Cells were collected in phenol red-free Dulbecco's modified Eagle medium (DMEM)-F12 containing 0.2% bovine serum albumin, 10 mM HEPES, and 6.8 mM EGTA; incubated for 15 minutes at 37°C under 95% O 2 /5% CO 2 ; and centrifuged at 250 3 g for 5 minutes. The pellets were suspended in a solution containing 0.5 M sucrose, 0.2% bovine serum albumin, and 1.8 mM EGTA in DMEM-F12 and incubated for 5 minutes at 37°C. After incubation, the suspension was diluted with 3 volumes DMEM-F12, centrifuged at 250 3 g, and treated sequentially with trypsin (20 mg/mL) for 1 minute, 300 mg/mL soybean trypsin inhibitor for 5 minutes, and deoxyribonuclease I (100 mg/mL) for 5 minutes at 37°C to remove dead cells. The cells were then rinsed twice with serum-free media and suspended in DMEM-F12. The cell number was then determined, and cell viability was examined by the trypan blue exclusion method. Cells were cultured in serum-free DMEM-F12 media supplemented with 20 mM HEPES (pH 7.4), 4 mM glutamine, 100 IU penicillin/mL, and 100 mg/mL streptomycin. Before seeding, the culture dishes were coated with 10% fetal calf serum for 2 hours at 37°C and washed with DMEM-F12. Granulosa cells were cultured in 60-mm dishes in duplicates. The experiments were repeated three to four times with consistent results. The cells were routinely examined for any detectable changes in morphology. The cell viability was analyzed using the trypan blue dye exclusion assay to verify that the treatments did not adversely affect the quality of the granulosa cells. Animal handling and treatments were conducted in accordance with the accepted standards of humane animal care, as outlined in the Ethical Guidelines of the University of Michigan, and were reviewed and approved by the University Committee on Use and Care of Animals.
Treatment of rat granulosa cells with adenovirus constructs
Rat granulosa cells were infected with adenoviral constructs (AdmiR-122 or AdGFP) diluted in 3 mL serum-free DMEM for 24 hours. On the basis of previous studies (15), we chose the optimum dose of 1 3 10 9 PFU (200 multiplicity of infection) and a 24-hour incubation period for our studies. After 24 hours of infection, the growth medium was replaced, and the cells were incubated with FSH and E2 (FE) in fresh media for different time periods [2 (FE-2h), 4 (FE-4h), and 6 (FE-6h) hours].
Real-time (quantitative) PCR analysis
Total RNAs were reverse transcribed and subjected to realtime PCR quantitation as per the manufacturer's instructions (Applied Biosystems). The fold change in gene expression was calculated using the comparative cycle threshold (DDCt) method with 18S ribosomal RNA as the internal control, as described previously (26) .
Western blot analysis
Cell lysates in radioimmunoprecipitation assay (RIPA) buffer were subjected to Western blot analysis as previously described (26) . Briefly, proteins were separated using sodium dodecyl sulfatepolyacrylamide gel electrophoresis (10%) and transferred to a nitrocellulose membrane. The membranes were blocked in 5% fat-free skimmed milk in Tris-buffered saline-Tween-20 buffer, pH 7.4, for 1 hour at room temperature and then incubated overnight at 4°C with primary antibody in 5% fat-free milk/Tris-buffered salineTween-20 buffer. The membranes were then incubated with appropriate horseradish peroxidase-conjugated secondary antibodies for 1 hour at room temperature. Detection of signals was performed with an enhanced Western blotting detection system. Protein loading was normalized by reprobing the same blots with antibody against tubulin. The scanned images of the blot were quantified using ImageJ (National Institutes of Health, Bethesda, MD) software.
Transfection of rat granulosa cells with small interfering RNA
Rat granulosa cells were transfected with small interfering RNA (siRNA) targeted against Insig1 or with control siRNA (SC 37007; Santa Cruz Biotechnology) using the Amaxa Cell Line Nucleofector Kit V, following the instructions of the manufacturer (Amaxa, Cologne, Germany) as previously described in detail (26) . After transfection, the cells were cultured on 35-mm dishes; after 48 hours, the media were changed to normal growth medium. Transfection efficiency was calculated by performing real-time PCR analysis of the cultured cells and analyzing the changes in the Insig1 mRNA levels.
Statistical analysis
Statistical analysis was carried out using one-way analysis of variance followed by the Tukey multiple comparison test. Values were considered statistically significant for P , 0.05.
Results
Insig1 expression is increased in rat granulosa cells in response to FSH treatment
We first determined the changes in the expression of Insig1 during FSH treatment by conducting a time course study to analyze the levels of Insig1 mRNA and protein using real-time PCR and Western blot analyses, respectively. The results, as represented in Fig. 1A and 1B, conclusively show that the expressions of Insig1 and miR-122 follow a reciprocal relationship during LHR upregulation. The mRNA expression of Insig1 was increased at 2 hours (1.38 6 0.15-fold vs control, P , 0.05; Fig. 1A ) and further increased with time, reaching a maximum at 6 hours (2.24 6 0.15-fold vs control, P , 0.05) after FSH treatment. A similar trend was also observed in the protein levels, as represented in Fig. 1B (fold change vs control: FE-2h, 1.38 6 0.05; FE-4h, 1.65 6 0.02; FE-6h, 1.95 6 0.01; P , 0.05). This is in agreement with our previous studies, where we showed decreased expression of miR-122 during this time period (15) . This reciprocal relationship between the expressions of miR-122 and Insig1 supported the notion that Insig1 could be a target of miR-122 in the rat granulosa cells.
Overexpression of miR-122 inhibited FSH-mediated increases in Insig1 expression
To further confirm the role of Insig1 in the miR-122-mediated regulation of LHR in the ovaries, we examined whether the increases in Insig1 during FSHmediated LHR upregulation can be inhibited by overexpressing miR-122. This was accomplished by using adenoviral vector-mediated transfection of rat granulosa cells with miR-122 to determine what effect overexpression Figure 1 . Time-dependent increase in Insig1 mRNA and protein by FSH and E2 treatment in isolated rat granulosa cells. Rat granulosa cells were isolated from immature female rats injected subcutaneously with estradiol (1.5 mg) for 3 consecutive days. Cells were cultured in serum-free media for 24 hours and then treated with FSH (50 ng/mL) and E2 (1 nM) for 2, 4, and 6 hours. (A) Total RNAs were isolated and reverse transcribed, and the resulting complementary DNAs were subjected to real-time PCR quantitation using specific primers and probes for Insig1. The graph represents changes in mRNA levels normalized to 18S ribosomal RNA and shown as fold change vs control. (B) S10 fractions were prepared using RIPA buffer. Equal amounts of protein from the S10 fractions were subjected to Western blot analysis using Insig1 antibody, followed by stripping and reprobing with tubulin antibody. The graph represents the quantitative analysis of the bands in the autoradiogram. Error bars represent mean 6 standard error. *P , 0.05 vs C-0h; n = 4. C-0h, control at 0 hours.
of miR-122 produces on Insig1 levels. Real-time PCR analysis of Insig1 mRNA levels after treatment with FSH and E2 in the presence and absence of AdmiR-122 showed that overexpression of miR-122 significantly inhibited FSH-mediated increases in Insig1 expression ( Fig. 2A) . As shown in the figure, there was a 2.96-fold increase (P , 0.05) in the levels of Insig1 mRNA in the FSH-treated samples compared with control; however, this was inhibited significantly by AdmiR-122 (0.67-fold vs control, P , 0.05). This was also confirmed using Western blot analysis. AdmiR-122 significantly suppressed the FSH-induced increases in the protein expression of Insig1 ( Fig. 2B ; fold change vs AdGFP: AdGFP + FE, 1.68 6 0.03; AdmiR-122 + FE, 0.98 6 0.06; P , 0.05 vs AdGFP + FE). These results confirmed our hypothesis that miR-122 targets Insig1 mRNA in the ovaries and that LHR upregulation during follicle growth is probably facilitated by increasing Insig1 levels.
miR-122 overexpression reversed FSH-induced decreases in SREBP activation and LRBP expression
The changes in SREBP and LRBP expression following overexpression of miR-122 were examined by pretreating the cells with AdmiR-122 to increase miR-122 prior to treatment with FSH and E2, then analyzing the levels of active SREBP and LRBP in the cell lysates. Active SREBP was detected as a distinct band corresponding to 68 kDa in the Western blot analysis. The band density was quantified using image analysis software as described in the methods. The results showed that, as expected, there was a decrease in the levels of active SREBP-1a following FSH + E2 treatment, as shown in Fig. 3 
Silencing Insig1 expression reversed FSH-mediated decreases in SREBP activation and LRBP expression
The preceding results were further confirmed by testing the effect siRNAmediated silencing of Insig1 would have on FSH-induced LHR expression. Rat granulosa cells were transfected with siRNA against Insig1, and the resultant depletion of Insig1 was verified using realtime PCR (Fig. 4A) . As shown in the figure, all three doses (50-, 100-, and 150-nM final concentrations) Figure 2 . Adenovirus-mediated overexpression of miR-122 reverses FSH-mediated increases in Insig1. Rat granulosa cells were isolated from immature female rats injected subcutaneously with estradiol (1.5 mg) for 3 consecutive days. Cells were pretreated with AdmiR-122 (1 3 10 9 PFU) or AdGFP (1 3 10 9 PFU) for 24 hours. Media were replaced after 24 hours and cells were treated with FSH (50 ng/mL) and E2 (1 nM) for 6 hours. (A) Total RNAs were isolated and reverse transcribed, and the resulting complementary DNAs were subjected to real-time PCR quantitation using specific primers and probes for LHR. The graph represents changes in mRNA levels normalized to 18S ribosomal RNA and shown as fold change vs control. (B) S10 fractions were prepared using RIPA buffer. Equal amounts of protein from the S10 fractions were subjected to Western blot analysis using Insig1 antibody, followed by stripping and reprobing with tubulin antibody. The graph represents quantitative analysis of the bands in the autoradiogram. Error bars represent mean 6 standard error. *P , 0.05 vs AdGFP; **P , 0.05 vs AdGFP + FE; n = 4. CTL, control. Figure 3 . FSH-mediated decreases in the protein expressions of active SREBP and LRBP were inhibited by the overexpression of miR-122. Rat granulosa cells were isolated from immature female rats injected subcutaneously with estradiol (1.5 mg) for 3 consecutive days. Cells were pretreated with AdmiR-122 (1 3 10 9 PFU) or AdGFP (1 3 10 9 PFU) for 24 hours. Media were replaced after 24 hours and cells were treated with FSH (50 ng/mL) and E2 (1 nM) for 6 hours. S10 fractions were prepared using RIPA buffer. Equal amounts of protein from the S10 fractions were subjected to Western blot analysis using LRBP antibody, followed by stripping and reprobing with SREBP-1a, and tubulin antibodies. 
FSH-mediated LHR upregulation was inhibited by Insig1 silencing
Results of the analysis of LHR expression following FSH treatment in the presence and absence of Insig siRNA are represented in Fig. 5 . The upregulation of LHR brought about by FSH treatment was completely abrogated by inhibiting Insig1 (fold change vs CTLsi: CTLsi + FE, 4.06 6 0.79; siInsig1 + FE, 1.29 6 0.44; P , 0.05 vs CTLsi + FE). This result establishes the role of Insig1 in the regulation of LH receptor expression in the ovaries.
Role of miR-122 in LHR downregulation
The mechanism of SREBP processing, including localization in different cellular compartments, has been well established (20-24, 27, 28) . The model presented in Fig. 6 is based on this information as well as our studies (14) (15) (16) 29) . During LH/hCG-induced LHR downregulation, miR-122 expression is increased, leading to a decrease in the expression of Insig1. By silencing Insig1, the SREBP-SCAP complex translocates freely from the ER to the Golgi (27) , where SREBP undergoes proteolytic cleavage to produce its active form. Active SREBP binds to the promoter region of LRBP (14), resulting in an enhanced expression of LRBP protein, which in turn binds to LHR mRNA and induces its degradation (30) . During FSH-induced LHR upregulation, this pathway is suppressed by inhibiting miR-122 expression (15).
Discussion
As described earlier, we have established that LHR expression is regulated, at least in part, through a posttranscriptional mechanism mediated by an RNA binding protein. Furthermore, the expression of this RNA binding protein, characterized as being mevalonate kinase, has been shown to be regulated by miR-122. Although miR-122 was initially identified as a liver-specific noncoding RNA, its presence has now been established in several nonhepatic tissues, including the ovary (16, 31) . In the ovary, we have for the first time shown, to our knowledge, that miR-122 regulates LHR levels by inducing LRBP expression through the activation of the transcription factor SREBP (14, 16). During LH/hCG-induced Figure 4 . Insig1 silencing reversed FSH-mediated decreases in SREBP activation and LRBP expression during LHR upregulation. Rat granulosa cells were isolated from immature female rats injected subcutaneously with estradiol (1.5 mg) for 3 consecutive days. Cells were transfected with 50 nM negative CTLsi or 50 (Si-50), 100 (Si-100), or 150 (Si-150) nM Insig1 small interfering RNA (siIngsig1) and cultured for 48 hours. One group of siRNA (50 nM)-transfected cells was then treated with FSH (50 ng/mL) and E2 (1 nM) for 6 hours. Total RNAs were isolated and reverse transcribed, and the resulting complementary DNAs were subjected to real-time PCR quantitation using specific primers and probes for (A) Insig1 or (B) LRBP. The graph represents changes in mRNA levels normalized to 18S ribosomal RNA and shown as fold change vs control. (C) S10 fractions were prepared using RIPA buffer. Equal amounts of protein from the S10 fractions were subjected to Western blot analysis using LRBP antibody, followed by stripping and reprobing with SREBP-1a and tubulin antibodies. The graph represents a quantitative analysis of the bands in the autoradiogram. Error bars represent mean 6 standard error. *P , 0.05 vs CTLsi; **P , 0.05 vs CTLsi + FE; n = 4.
downregulation of LHR, miR-122 expression shows an increase and leads to the activation of the SREBP-LRBP pathway (16) . Conversely, during FSH-induced LHR upregulation, miR-122 expression is suppressed (15) , thereby inhibiting the LRBP-mediated LHR degradation pathway. The current study shows the missing link between miR-122 and SREBP activation. We examined the possibility that Insig1 could serve as a direct target of miR-122 to regulate LRBP levels and influence LHR expression. Using adenoviral overexpression and siRNA-mediated silencing approaches, we have provided evidence to show that miR-122 increases SREBP-mediated LRBP induction in ovaries by targeting Insig1 mRNA.
The crucial role played by Insig proteins in lipid metabolism is well documented in the literature. Knockout of Insig1 has been shown to cause cholesterol and triglyceride overaccumulation in the mouse liver (32) . Furthermore, overexpression of Insig1 has been shown to inhibit SREBP activation (21) . It has been shown that Insig1 mediates cholesterol biosynthesis through its sterol-dependent binding to SCAP and b-hydroxy b-methylglutaryl-CoA reductase proteins (24, 33) . In addition, Insig1 has been shown to inhibit the exit of the SCAP-SREBP complex from the ER to the Golgi (23, 24, 34) , thereby negatively regulating b-hydroxy b-methylglutaryl-CoA reductase transcription by suppressing activation of SREBP (19, 35) . In agreement with this, our past studies have shown that SREBP-1a binds to the promoter region of LRBP/MVK, leading to an increase in its expression during ligand-mediated LHR downregulation (14) . The inhibition of SREBPs was also shown to inhibit hCG-mediated LRBP/MVK induction (14) .
We present evidence showing that miR-122 activates SREBPs in the ovary by directly targeting Insig1. Reports in the literature show other microRNAs (miRNAs) targeting Insig1 mRNA. For example, insulin signaling in adipose tissue has been modulated by miR-29 through Insig1 (36) . However, ours is the first study, to our knowledge, to show the regulation of Insig1 by miR-122. It is not understood at the present time how miR-122 decreases Insig1 mRNA levels. Based on a recent study showing downregulation of the translation of the 1.4-kb Insig1 isoform mRNA by a miR-122 precursor that resulted in the downregulation of Insig1 protein abundance (37) , it is possible that a similar mechanism might also operate in this system. Additional studies are needed to understand the molecular details involved in the regulation of Insig1 expression by miR-122.
Based on the various reports, it appears that RNA -binding proteins are regulated by miRNAs to fine-tune gene Figure 5 . Insig1 silencing inhibited FSH-mediated LHR upregulation. Rat granulosa cells were isolated from immature female rats injected subcutaneously with estradiol (1.5 mg) for 3 consecutive days. Cells were transfected with 50 nM of either negative CTLsi or siInsig1 and cultured for 48 hours. Cells were then treated with FSH (50 ng/mL) and E2 (1 nM) for 24 hours. Total RNAs were isolated and reverse transcribed, and the resulting complementary DNAs were subjected to real-time PCR quantitation using specific primers and probes for LHR. The graph represents changes in mRNA levels normalized to 18S ribosomal RNA and shown as fold change vs control. Error bars represent mean 6 standard error. *P , 0.05 vs CTLsi; **P , 0.05 vs CTLsi + FE; n = 4. Figure 6 . Schematic model depicting the role of miR-122 in the regulation of LHR in rat granulosa cells. The model depicted in the figure represents how miR-122 regulates LHR expression by modulating the levels of its binding protein LRBP in the ovaries. The dashed line indicates that several steps might be involved in this process. miR-122 directly targets Insig1 mRNA and induces its degradation, thereby decreasing its expression and removing its inhibitory effect on SREBP activation. SREBP processing in different intracellular organelles has been established previously (27, 28) . During FSH-mediated upregulation of LHR, expression of miR-122 is suppressed, thereby inhibiting the LRBP-mediated degradation pathway and facilitating increases in LHR mRNA expression.
expression. Reports in the literature show the regulation of RNA binding proteins by miRNAs, with potential functional consequences that are similar to those in the current study. For example, the RNA binding protein Musashi 1 (Msi1), which acts at the translation level to control stem cell fate, nervous system development, and tumorigenesis, has been shown to be regulated by a class of tumor suppressor miRNAs (miR-34a, miR-101, miR-128, miR-137, and miR-138) in glioblastoma and medulloblastoma cells (38) (39) (40) . These miRNAs cooperatively bind to the 3 0 UTR of Musashi, thereby negatively affecting the proliferation of glioblastoma cells. Similarly, a regulatory axis involving at least three miRNAs (miR-24, miR-221, and miR-222) and one RNA binding protein (Dnd1) that all converge onto p27 Kip1 regulation in tumor cell lines has also been a topic of interest (41) . However, miR-122 increases the expression of LRBP indirectly by targeting Insig1, which affects SREBP levels. This connection is important, because the LHR mRNA-binding protein LRBP is also an enzyme in the cholesterol biosynthetic pathway, which highlights the intriguing possibility that posttranscriptional regulation of the luteinizing hormone receptor and sterol metabolism are linked in regulating steroid hormone biosynthesis by the ovary. Although sterol metabolism is important in supplying cholesterol, the precursor of steroid hormones, LHR generates this signal for regulating steroid hormone production.
In summary, the current study shows that by regulating the expression of miR-122, Insig1 expression is altered in the ovaries, as depicted in Fig. 6 . This leads to changes in the processing of SREBP, which, in turn, regulates LRBP. Because LRBP negatively affects LHR expression, an increase or decrease in miR-122 levels decreases or increases LHR expression. It is well established that LHR undergoes dynamic changes during different phases of the ovarian cycle and that appropriate levels of LHR expression are crucial for supporting key reproductive processes such as ovulation and corpus luteum function. This study provides new insights, to our knowledge, into the mechanism by which LHR expression is regulated in the ovary by the miR-122-LRBP cascade.
